Background. The time interval between CRT and surgery in rectal cancer patients is still the subject of debate. The aim of this study was to first evaluate the nationwide use of restaging magnetic resonance imaging (MRI) and its impact on timing of surgery, and, second, to evaluate the impact of timing of surgery after chemoradiotherapy (CRT) on short-and long-term outcomes. Methods. Patients were selected from a collaborative rectal cancer research project including 71 Dutch centres, and were subdivided into two groups according to time interval from the start of preoperative CRT to surgery (\ 14 and C 14 weeks). Results. From 2095 registered patients, 475 patients received preoperative CRT. MRI restaging was performed in 79.4% of patients, with a median CRT-MRI interval of 10 weeks (interquartile range [IQR] 8-11) and a median MRI-surgery interval of 4 weeks (IQR 2-5). The CRTsurgery interval groups consisted of 224 (\ 14 weeks) and 251 patients (C 14 weeks), and the long-interval group included a higher proportion of cT4 stage and multivisceral resection patients. Pathological complete response rate (n = 34 [15.2%] vs. n = 47 [18.7%], p = 0.305) and CRM involvement (9.7% vs. 15.9%, p = 0.145) did not significantly differ. Thirty-day surgical complications were similar (20.1% vs. 23.1%, p = 0.943), however no significant differences were found for local and distant recurrence rates, disease-free survival, and overall survival. Conclusions. These real-life data, reflecting routine daily practice in The Netherlands, showed substantial variability in the use and timing of restaging MRI after preoperative CRT for rectal cancer, as well as time interval to surgery. Surgery before or after 14 weeks from the start of CRT resulted in similar short-and long-term outcomes.
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In the treatment of patients with locally advanced rectal cancer, preoperative chemoradiotherapy (CRT) has proven to reduce the local recurrence (LR) rate significantly and has become the standard of care. 1 A pathological complete response (pCR) following CRT was found in 15-20% of patients, and this is associated with a favorable oncological outcome. 2 Furthermore, there is a recent trend towards rectal-preserving treatment in patients with a good response. 3 One of the unresolved issues regarding preoperative CRT is the optimal time interval to total mesorectal excision (TME) surgery and the role of re-staging in determining this interval. A recent systematic review including 13 studies with a total of 19,652 patients concluded that an interval of C 8 weeks from the end of CRT is safe and efficacious because of higher pCR rates, without increasing complication rates; 4 however, reasons for delaying surgery in the mostly non-randomized comparisons were not provided, and data on the use and outcome of restaging were lacking. Furthermore, no impact on survival was observed. The GRECCAR-6 trial recently reported contradictory findings. 5 In this trial, 265 patients from 24 French centers were randomized to between 7 and 11 weeks waiting after the end of CRT. No difference in the pCR rate was observed, but the authors did find a higher morbidity rate and worse quality of the mesorectal resection after a prolonged interval. Restaging was not systematically performed in this trial. It is likely the time interval to surgery has to be tailored to the individual patient, rather than a 'one size fits all' approach. Nonresponders should continue with further treatment (e.g. surgery or further chemotherapy), and those having a good response might benefit from additional waiting time or consolidation chemotherapy to maximize tumor shrinkage with the highest change of negative resection margins. 6 However, the role of MRI and 18F-fluorodeoxyglucosepositron emission tomography/computed tomography (FDG-PET/CT) in assessing tumor downstaging after CRT, and its value for clinical decision making, is still unclear. 7, 8 The aim of this multicenter, cross-sectional study of patients who underwent CRT for rectal cancer in 71 Dutch centers in 2011 was to first evaluate variation in practice with respect to MRI restaging and its impact on time interval to surgery, and, second, to evaluate the impact of timing of surgery on pathological, surgical, and long-term oncological outcomes.
PATIENTS AND METHODS
A retrospective, resident-led, collaborative research project with a cross-sectional study design was conducted in 71 of 94 hospitals in The Netherlands by the Dutch Snapshot Research Group (DSRG) in 2015. All patients who underwent resection for primary rectal cancer in these hospitals in 2011 were identified from the Dutch ColoRectal Audit (DCRA). 9 Additional diagnostic and treatment characteristics, as well as long-term surgical and oncological outcomes, were retrospectively added to the DCRA dataset for the year 2011. Details of this crosssectional study cohort have been published previously. 10 
Patients and Definitions
All patients who underwent rectal cancer resection after preoperative CRT between 1 January and 31 December 2011 were selected from the initial cohort. The CRT schedule was not registered in the database but consisted of either 25 fractions of 2 Gy or 28 fractions of 1.8 Gy, with concomitant capecitabine as a radiosensitizer. Only the start date of radiotherapy was available in the dataset. Patients were divided into two interval groups based on the observed median time interval: surgery \ 14 weeks from the start of CRT (short interval), and surgery after 14 weeks or more (long interval). Patients with metastasis, patients who received additional neoadjuvant chemotherapy preceding or following CRT, and patients with an unknown start date for CRT were excluded. To evaluate the timing of MRI restaging, the interval between the start of CRT and the date of MRI was categorized into four groups: \ 6, 6-8, 8-10, and [ 10 weeks (electronic supplementary Fig. 1 ). The MRI restaging result was classified by the study collaborators as 'progressive disease', 'stable disease', 'partial response' and 'complete response' based on the radiology reports. To evaluate the subsequent time interval between MRI restaging and surgery, three groups of \ 2, 2-4, and [ 4 weeks were defined.
Outcome Parameters
Pathological outcome parameters included pCR (ypT0N0), near pCR (ypT1N0), and circumferential resection margin (CRM) involvement (tumor-free resection margin B 1 mm). Surgical outcome parameters were 30-day overall and surgical complication rate, postoperative blood transfusion, perineal wound problems after abdominoperineal resection (APR), anastomotic leakage after (low) anterior resection (LAR), chronic presacral sinus, length of stay, and re-intervention-and re-admission rate within 30-days. For long-term oncological outcome, 3-year LR, distant recurrence (DR), disease-free survival (DFS), and overall survival (OS) rates were analyzed.
Statistical Analysis
Categorical or dichotomous outcomes were expressed as absolute numbers with percentages. Statistical analysis of categorical outcomes between groups was performed using the Pearson Chi square test or Fisher's exact test, where appropriate. Continuous outcomes were expressed as median with interquartile range (IQR). For intergroup variation, the Mann-Whitney U test was used following their distribution, otherwise Student's t test was used for independent samples. To determine the 3-year LR, DR, DFS, and OS rates, the Kaplan-Meier method was used and the log-rank test was used for comparison between the two interval groups. Univariable and multivariable analyses were performed to identify independent predictors for CRM, LR, DR, DFS, and OS. Variables with a p value \ 0.10 in the univariable analysis were included in the multivariable model. Results of the multivariable analyses were reported as odds ratios (OR) with 95% confidence 
RESULTS

Patient Characteristics
Within the total cohort of 2095 patients, 684 patients underwent preoperative CRT. After exclusion of patients with metastasis (n = 92), patients who received additional preoperative chemotherapy (n = 3) and patients with unknown start date of CRT (n = 114), 475 patients remained for inclusion in the present analysis.
The median time interval between the start of CRT and surgery was 14 weeks (IQR 12-16) (Fig. 1) . Based on this median time interval, patients were subdivided into two groups: 224 patients with a short interval and 251 patients with a long interval. Patient and tumor characteristics of the two groups are reported in Table 1 . Significant differences between the interval groups were found for American Society of Anesthesiologists (ASA) score, distance to the anorectal junction on MRI, and clinical tumor stage. Regarding treatment characteristics, the proportion of open approaches (45.5% vs. 58.6%, p = 0.011) and multivisceral resections (8.7% vs. 16.5%, p = 0.012) was significantly different between the short-and long-interval groups. The proportion of patients receiving adjuvant chemotherapy in the short-interval group was lower in comparison with the longinterval group, however was not statistically significant (n = 16 [7. 1%] vs. n = 31 [12. 4%], p = 0.058)
Magnetic Resonance Imaging Restaging Results
MRI restaging was performed in 366 patients (79.4%), with a significant difference between the short-and longinterval groups (73.1% and 84.9%, p = 0.002). The median interval between the start of CRT and MRI restaging was 10 weeks (IQR [8] [9] [10] [11] , and the median interval between MRI restaging and surgery was 4 weeks (IQR 2-5). The CRT-MRI and MRI-surgery intervals are displayed in Table 1 for each of the interval groups, and the MRI restaging results are displayed in Table 2 for the different CRT-MRI and MRI-surgery intervals. With regard to MRI restaging results and pCR rate, a significant association was found for patients with a complete response in comparison with the other MRI restaging results (n = 7 [46.7%], p = 0.022). No significant association between the restaging result and the timing of MRI restaging was found.
Pathological and Surgical Outcomes
No statistically significant differences were found in the pCR rate (n = 34 [15.2%] 
Long-Term Oncologic Outcomes
The median long-term follow-up was 43 months (IQR 35-47) and was similar between the two interval groups (Table 1) (Fig. 2b) , no significant differences were found between the short-and long-interval groups, respectively. Similarly, no significant differences were found for DFS (n = 167 [74.6%] vs. 176 [70.1%] p = 0.267) (Fig. 2c) (Fig. 2d) .
Predictors of Circumferential Resection Margin Involvement, Recurrence, and Survival
The results of univariable and multivariable analyses for CRM involvement are shown in Table 3 . In multivariable analysis, laparoscopic conversion, intraoperative complications, and nodal stage were identified as independent predictors for CRM involvement. Five of the six patients in whom a laparoscopic resection was converted to an open approach had a positive CRM (one patient and four patients for the short-and long-interval groups, respectively). The results of the univariable and multivariable analysis for LR, DR, DFS, and OS are provided in electronic supplementary Tables 1 and 2 . The time interval between the start of CRT and surgery was not associated with any of these outcome parameters. 
DISCUSSION
This large cross-sectional study including 71 Dutch centers reflects daily practice in The Netherlands in 2011 with regard to clinical management of locally advanced rectal cancer. MRI restaging after CRT was performed in 79% of patients, with substantial variability in timing. In addition, substantial variability in the time interval between the start of CRT and surgery was observed, with a median of 14 weeks. Using the median interval as the cut-off, similar postoperative and long-term surgical and oncological outcomes were found for the two interval groups. The median of 14 weeks after the start of CRT corresponds with approximately 9 weeks after the end of CRT, which is between the two intervals to which patients were randomized in the GRECCAR-6 trial (7 vs. 11 weeks). Despite the methodological shortcomings in this comparison, we could not confirm the unfavorable results after longer waiting times in the GRECCAR-6 trial.
The Dutch rectal cancer guideline from 2008, still being used in 2011, did not include a statement on the use and interpretation of restaging MRI after CRT for rectal cancer, nor did it recommend a certain time interval for response evaluation or surgery following CRT. This likely explains the large observed variability in practice. A significantly lower proportion of MRI restaging in the short-interval group (73% vs. 85%) was likely related to some hospitals Variables with a p value less than 0.10 in the univariable analysis were included in the multivariable model. A p value of less than 0.05 was considered statistically significant and it is highlighted in bold OR odds ratio, CI confidence interval, CRM circumferential resection margin, BMI body mass index that routinely planned surgery after 6-8 weeks from the end of radiotherapy without any response assessment, thereby following the guideline at that time. Standardized MRI assessment regarding tumor regression grade (mrTRG) has been proposed, and good interobserver agreement can be achieved after interactive case-based learning. 11 Although mrTRG correlates with oncological outcome, the role of MRI in restaging rectal cancer after CRT as a single diagnostic modality, and its clinical implications, are still the subject of debate. 12 When restaging MRI suggested complete tumor response in the present study, pathology revealed cancer in 50% of patients in the present study, confirming the reported inaccuracy of restaging MRI. 13 Nowadays, the impact of restaging MRI is likely to be different. The European Society of Gastrointestinal and Abdominal Radiology (ESGAR) recently published their updated recommendations.
14 Routinely adding diffusion-weighted MRI for the purpose of yT restaging reached consensus, especially due to improved differentiation between partial and complete response. Structured MRI reporting was unanimously recommended and a template for both primary and restaging was published. Following such consensus guidelines will likely reduce hospital variation and increase the clinical impact of MRI restaging.
Nowadays, response evaluation and timing of subsequent treatment after CRT is often aimed at identifying clinical complete responders who are candidates for a watch-and-wait policy. Digital examination and endoscopy are also important modalities, besides MRI restaging, in this clinical scenario. However, patients included in the present study were treated at the time a watch-and-wait strategy was considered experimental, with only a single institution in The Netherlands publishing their initial experience. 15 Other implications of restaging MRI might be limiting the extent of the resection in order to refrain from multivisceral resection or enable sphincter preservation. Unfortunately, the dataset did not include variables to analyze these outcomes.
The optimal length of the interval between neoadjuvant CRT and surgery has frequently been analyzed, but with conflicting results regarding pathological response. [16] [17] [18] [19] [20] [21] [22] [23] [24] It has been suggested that tumor response to CRT can take up to several months, depending on tumor volume and characteristics. 25, 26 Only a few randomized controlled trials compared short and long intervals between CRT and surgery, with conflicting results in relation to pCR rates. 27, 28 Most recently, the GRECCAR-6 trial showed no differences in pCR rates between 7-and 11-week interval. 5 Similarly, pCR rates did not differ between the two intervals in the present study (15 (16% vs. 9%) . The GRECCAR-6 trial suggested that longer waiting times after radiotherapy increase the difficulty of surgery due to more radiation-induced fibrosis, probably explaining the observed higher morbidity rates and worse quality of the specimen in that study. This might have also been an explanation for the higher CRM positivity and blood transfusion rates after longer waiting times in the present study.
Previous studies comparing the long-term oncologic outcomes for different time intervals between CRT and surgery have shown conflicting results. [29] [30] [31] In the followup of the Lyon R90-01 trial, the study group found no significant differences between the two intervals regarding LR rates and OS (5-, 10-, 15-, and 17-year follow-up). 32 Some studies demonstrated improved prognosis after longer intervals. 33, 34 We could not find any impact on the oncological outcome of waiting times between CRT and surgery, which is consistent with other retrospective studies. 35 Pathological tumor and nodal status, CRM involvement, and multivisceral resection were identified as significant predictors of long-term oncological outcomes in this cohort of locally advanced rectal cancer patients with neoadjuvant CRT, whereas adjuvant chemotherapy was not associated with DFS and OS. The Dutch rectal cancer guideline from 2008 did not recommend adjuvant chemotherapy for stage 3 rectal cancer, and this has not been changed in the guideline revision of 2014 because this is still not considered to prolong survival. 36, 37 This explains the low number of patients in both study groups who received adjuvant chemotherapy.
The strength of this cross-sectional study is the large population-based data with short-and long-term intervals to surgery, reflecting daily practice. However, limitations of this study design are related to the retrospective data collection, with, for example, missing information on patient-tailored approaches or institutional protocols. Excluding patients without a reported start date for CRT could have resulted in selection bias. MRI restaging results were pragmatically categorized into four options for retrospective interpretation of the MRI reports, while central review using standardized criteria, as recently published by ESGAR, would have been more informative. Furthermore, not all Dutch hospitals participated in this voluntary crosssectional study, in contrast to the mandatory DCRA, which might limit the representativeness of the results. Finally, patients who did not proceed to surgery after CRT because of a watch-and-wait policy, treatment-related toxicity, or other reasons are not recorded in this cross-sectional study as only patients who underwent resection were included.
CONCLUSIONS
This large cross-sectional study on CRT followed by TME surgery for locally advanced rectal cancer, reflecting daily practice in The Netherlands in 2011, showed high usage of restaging MRI not supported by guideline recommendations at that time. Timing of surgery after preoperative CRT was highly variable, partially related to the variable impact of MRI-based response assessment and differences in patient and tumor characteristics, however this did not significantly influence short-and long-term outcomes. 
APPENDIX
Definitions
Low anterior resection with primary anastomosis (LAR) was defined as a TME, with or without diverting stoma. APR was defined, according to the TME principles, as a rectal resection including the anal sphincter complex with a definitive colostomy. The low Hartmann's procedure was defined as an LAR with rectal stump closure and a definitive colostomy.
LR was defined as the recurrent disease at the anastomotic site, in the pelvis, or in the perineal wound. DR was defined as metastatic localizations, not present at primary rectal cancer surgery. DFS was defined as all patients without recurrent disease, excluding the patients lost to follow-up. OS was defined as all patients alive after the end of follow-up, excluding the patients lost to follow-up.
